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1. The Breit Frame

Electron-positron Annihilation
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DIS in the Breit Frame
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e Phase Space in the Current Hemisphere of the Breit
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Frame for e p — e X Events:

Q/2

e Phase Space in one Hemisphere of ete™ — q g Events:

V's/2

= Is there a relation between

e p Scattering +> e”e” Annihilation

concerning Event Shapes at a Scale

QDIS = 4/ See ?



2. Definition of the Event Shape Variables

Define infrared safe Variables, calculable in NLO QCD:

e Sums extend over all hadrons A with four-momenta
ph = {En, pr} in the Breit Current Hemisphere:

cos(pp-n) > 0,

where the Axis n coincides with the v/Z directiomn:

1. Thrust Tc:
: ) - n
T = max hJ p,h r| nr
“h i pn|
2. Thrust T'z:
> n S .
T, — | Ph ‘1 _ ZhlP:=a]
Zh| Ph | “hlpnl
3. Jet Broadening B¢:
“h|Pr X 1| ThlPLn
B = — —
2 Thlpnl 2 Th ! Phl

4. Jet Mass pc:
M? (Zh Pn)?
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3. Data Selection

e Data Samples

low Q sample 1994 e* p data C 2.9 pb~!
high @ sample 1994 - 199 e*pdata £ =~ 11.7 pb~!

1

l

e Event Selection Criteria

variable Q =7+10 GeV Q = 14 100 GeV
event vertex | 2vix — (2) ] < 35 cm

isolated lepton R. = VAW ¥ Ad% < 05

lepton energy E! > 10 GeV

lepton polar angle 157° < 6, < 173°  30° < 6. < 15¢°
hadron polar angles 5.7° < 6, < 170°

E — p, conservation 30 GeV < Tj Ep (1 —cos6p) < 65 GeV
hadr. energy, Breit CH “hn Ef > 0.1Q

kinematic variables 0.05 < y. < 0.80 and 0.05 < yn

e Kinematic variables for Breit frame transformation

calculated from the electron (E., 6.)
and from the hadrons (Ep, 63)

0

Q> = 4E.E cosz—éf,
E ..,6
Y = Ye = I—E:-smzf for y. > 0.15,
EnL (1 — cos @,
y =y = Zn Bn ( ) for y. < 0.15

2F.



H1 differential event shape spectra (full symbols)
in comparison with LEPTO hadrons (full lines):
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Q dependence of H1 event shape means (full symbols)
in comparison with ete™ data (open triangles), LEPTO
hadrons (full lines) and partons (dotted lines):
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4. QCD Calculations and Power Corrections

e Event Shape Means exhibit a strong Q or Energy De-
pendence due to

1. the Variation of the Strong Coupling Constan
a,(Q) o< 1/1In(Q/A)

2. Power or so-called ‘Hadronisation’ Corrections

x 1/Q"

e According to recent theoretical developments (s. e.g.
Yu.L. Dokshitzer, B.R. Webber; Phys. Lett. B 352 (1995) 451)
this Dependence can be written for any infrared safe
Event Shape Variable (F'), where e.g.

F=1-T¢, 1-Tz, Be, pc.

(F) = (F)P" + (F)P"

(FYyP = ¢ a,(Q) + c202(Q) + - .

16 py Q
FY = ap — — InP — -
(F) 37 Q 1754
_ Bo Q K .,
Go(pr) — as(Q) — — (111 o T 1| e5(Q)
introducing

1. a new ‘infrared matching’ Scale u; where

Agep K pr K Q
2. a new universal (?) non-perturbative parameter a(u )



e The perturbative Part (F)?*"* may be obtained to O(a?)

via

Fmax
F 92 dF Frax
(F)Pert: (} dF — 1 / F_d_adF
u}mx :_; dF Otot O dF

0

where the total cross section needs only be known to
first order QCD.

Currently two NLO. programs are available for this
task:

1. MEPJET: E. Mirkes, D. Zeppenfeld
Phys. Lett. B 380 (1996) 205

2. DISENT: S. Catani, M. Seymour;
Phys. Lett. B 378 (1996) 287

Due to the integration method applied in MEPJET,
however, a lower cut in F, such that

0 < Foyr < F < Frnax

has to be used.

In DISENT special care has been taken concerning the
numerical integration of F do /dF, which still contains
integrable singularities for F* — 0.

= It is allowed to use the complete phase space
0 < F < Fhax-

= DISENT results are used in the analysis.

In the overlapping phase space MEPJET and DISENT
agree to < 1% in O(a,) and ~ 3% O(al).
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<Q> = 7.5 GeV <Q> = 14.9 GeV
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H1 differential event shape spectra (full symbols) in
comparison with DISENT NLO calculations (full lines):
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e The Power Correction Part

<F>pow — aF_]_'_G_E_I_l P_Q_
T Q 734
30 | K \ ,
{o:o(m) - a,(Q) - % \m% + 35 71 ed@
x ap—lﬁlnpg
HI

contains in addition to the new Scale u; and the non-

perturbative parameter &,(u) two coefficients ar and
p, that are calculable and depend on F.

All Power Corrections investigated are < 1/Q, resp.
p = 0, except for B¢, where p = 1. In our fits, howe-
ver, the conjectured behaviour of (Bc) could not be
verified and p was taken to be 0!

® ¢;, c; and ar coefficients used in the QCD fits (p = 0
always):

Observable c1 Cs ar
(1 — T¢) 0.384 £ 0.033 0.57+0.21 1
(1-Tz)/2 0.053+£0.033 3.45 + 0.23 1
(Bc) 0.990 +0.121 2.39 + 0.86 2

{pc) 0.359 +0.048 —0.051+0.30 1/2




5. Fit Results

Q dependence of H1 event shape means (full symbols),
DISENT NLO calculations (dotted lines) and power

correction fits (full lines):
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Error Consideration:

e Experimental Errors (statistical and systematical):

dagy ~ +0.007 dag ~ +0.003
e Theoretical Uncertainties:
1. NLO Calculations: ¢; + ¢y, ¢z F dc2
day ~ £0.002 da, ~ +0.001
2. Renormalizatidn Scale: 08Q < pr< 1.3
5o = +0.06 Sog =709

The interplay between non-perturbative (py) amd
perturbative (ugr) regions is problematic.

Recall: AL pr K pr
for a range in (Q) of 7.5 — 68 GeV

Lower value: require 3u; < ugp

3. ‘Infrared Matching’ Scale: p; = 2.0 + 0.5 GeV

dGg X Wy day, ~ +£0.002

= Total error is dominated by theoretical uncertainties.



e Results on &, and a,(Mz) from fits to the Q depen-
dence of the event shape variables (first error experi-
mental, second error theoretical uncertainties):

Observable do(pr = 2 GeV) a,(M3z) x2 /ndf
H1 e p data

(1 - T¢) 0.497 + 0.005 10070 0,123 4+ 0.002 *3307  5.0/5
(1—Tz)/2  0.507%0.008 ¥31%2  0.115+ 0.002 ¥300%  8.5/5
{Bc) 0.408 + 0.006 +003¢ 0,119 + 0.003 ¥3007  5.3/5
{pc) 0.519 + 0.009 1992 0.130 + 0.003 *307  3.1/5
Common fit without B¢, ignoring correlations!

Te + Tz + pc  0.491 £ 0.003 12079 0.118 + 0.001 +3-307 39/19
ete~ data

(1 - Te.) 0.519 &+ 0.009 1998 0.123 + 0.001 10007 10.9/14
(MZ/s) 0.580 £+ 0.015 *9-139 10.9/14

=

0.119 + 0.001 +0:9%

e All investigated Event Shape Means exhibit consistent-
ly a 1/Q behaviour, no 1/ Q? terms are needed.

e The theoretical ansatz with p = 1 for (Bc) does not
fit to the data.

e The concept of a ‘universal’ Power Correction para-
meter &, in DIS e p scattering and e*e™ annihilation

is supported.



6. Conclusions

e First Analysis of DIS Event Shape Parameters
1—Tc, 1 — Tz, Bc, pc in the Breit Current Hemi-
sphere

e Coverage of a large Range in Q = 7 + 100 GeV in a
Single Experiment

e The Event Shapes

— become more collimated with rising Q as expected.
— give consistent results.

— are compatible with a Universal Power Correction
Parameter &, ~ 0.5 within +20 %.

e Using O(a?) computations of DISENT and MEPJET
and applying the Power Correction Model &, and a,(Mz)
are simultaneously determined independent of Frag-
mentation Models. :

Large theoretical uncertainties emphasize the need for
higher order calculations!

e Comparison with ete~ Experiments:

— Q Dependence of Mean Thrust and Jet Masses in
Gross Agreement despite Differences in the under-
lying Physics and the Analysis Methods

— Same Power Correction Parameters ap within +£20 %
of e p Results



